Abstract. The depth information measured by Kinect sensor is of great importance, which is the basis of sequential operation processing. The accuracy of depth information directly influences the later operation processing. Based on the analysis of different filtering algorithm, this paper studies the filtering method of depth information and explores a new method, which based on median filtering with a combination of Gaussian filtering and Bilateral Filtering, this method choose appropriate template, and it has gained a relatively accurate result.
Introduction
The original depth information based on Kinect always includes great errors due to various causes. The main source comes mainly from the following factors:
The first factor is the influence of equipment. It mainly refers to the calibration error and the following measurement error of images showing differences. In general, Kinect sensor is calibrated before being used. Therefore the wrong calibration method or incorrect analysis result will cause the system error.
The second error is caused by basic characteristics on the surface of the object under measurement. It mainly depends on the surface transparency or the reflectivity of the object, so it might not get the relevant laser speckle and, hence, range data cannot be showed.
The last error source comes from the measurement environment, which refers to the effect of light condition. The formation of images with differences is directly influenced by light condition.
Research on Filtering Method

Median Filtering
Median filtering is always used for the conventional nonlinear signal processing, thus median filtering can be seen as a nonlinear filter. Under certain conditions, the median filtering can solve the problem of the fuzzy image details, and it is effective for removing the pulse interference and some noise of the image.
The median filtering has good effect for isolated noise pixel which is also known as salt and pepper noise and impulse noise. Since it is not just make average value, it produces less blur. In the test, median filtering of template which is 5 in width is applied in the depth map of the scene as shown in figure 1 . Although there are not obvious changes in the depth map after filtering, we can still find the noises are decreased. Considering the accuracy of filtering, the experimenter tries to change the template of median filtering into median filtering of template which is 15 in width, and the result is shown in figure 2 . The experimental results show that the contour of depth image becomes smooth after the processing of median filtering in which the template has been transformed. However, conventional median filtering doesn't show obvious result on filtering effect of gray image and certain cavities in the depth image are not well repaired. In spite of relatively obvious smooth effect, there are still noises in some details. Therefore better filtering algorithm should be used in the processing.
Gaussian Filtering
Gaussian filtering is a linear smoothing filter which is used in eliminating the Gaussian noise, and nowadays it is widely applied in noise processing of image. On the basis of correlation between pixels, the filtering kernel can be shown in this formula 1:
(1) Gaussian filtering has a good performance in the low pass filtering algorithm, but there is still a big defect, that is, even though the noise is removed, the smoothness of image edge information is enhanced. Although taking into account the correlation of the pixel space position, but it does not consider the change of the pixel value, so the filtering results tend to lose some of the edge features of the information. For the depth of information, because the pixel value of the image has a certain degree of jump, so when the depth of information is applied in Gaussian filtering, the results will show certain degree of edge smoothing.
The result that using Gaussian filtering with the template of 5*5, the experimental results are shown in Figure 3 , we can see that the depth information of the image is not very clear after filtering, but some of the edges become smooth. After using the Gaussian filtering with the template of 15*15, the effect is shown in Figure 4 , in which the degree of smoothing is obviously improved, but there is a certain degree of ambiguity.
The treatment effect is more obvious in the details, although there are still some cavities, the overall effect is more ideal. 
Bilateral Filtering
Bilateral filtering is an improvement of the Gaussian filtering algorithm, and the most important characteristic of bilateral filtering is that the filter can maintain the image edge to a large extent in the Gaussian filtering. Besides the spatial location of the pixel, the similarity between the pixel values is also considered in the bilateral filtering Therefore, with the bilateral filtering it can ensure to keep the edge feature while removing the noise. The reason why it can achieve such a denoising effect is that the bilateral filter is composed of two functions. Generally speaking, these two kinds of weight coefficients are formed by the spatial domain weight ω s and the image gray domain weight ω r , so it is shown as the following: 
In the formula (3) and (4), δ s and δ r are the standard deviation based on the Gaussian function, which not only determines the performance of the bilateral filtering, but also defines the relative spatial position of the pixel and the range of the gray scale. In the experiment, the effect using the bilateral filter with the template radius of 5 is obtained as shown in Figure 5 . According to Figure 5 we can see the changes in the effect is not particularly obvious, but the clarity of the depth information is further improved, through the test, the template radius does not play a big role in improving the experimental results. Relative to the Gauss filter, although bilateral filtering is effective to retain the edge information of depth image, and it can prevent fuzzy edge caused by the Gauss filter, it also has greatly improved the clarity of the depth information, but did not improve the depth of the loss of information.
Improved Filtering Method
Median filtering can effectively overcome the interference caused by accidental factors, taking into account the real-time characteristic of the depth information, the median filtering algorithm is not too accurate in dealing with the fast changed parameters, such as the speed and so on. For Gaussian filtering, the width of the Gaussian filtering determines the level of smoothing, but the effect is not good in regulating the clarity of the depth information. Although bilateral filtering can retain a large number of edge features and detail characteristics of the depth information in smoothing filtering, while in the treating of the empty effect is not obvious.
Considering the advantages and disadvantages of several filtering algorithms, and after the careful analysis of the experimental results, this paper proposes an improved filtering algorithm, which is based on the combination of Gauss filtering and bilateral filtering, but take median filter as a precondition, after experimental processing with different template, we can obtain a relatively accurate results. The reason why taking the median filter as a pretreatment is that it can effectively overcome the environmental fluctuations caused by a variety of other factors, so as to lay the foundation for the further processing.
Through continuous testing, first used the median filter with the template of 15, and then select the Gaussian filtering with the template of 15*15 template and bilateral filter with the template of 5 can achieve the ideal effect, it can be seen from the results that Regardless of the clarity or the details of the deal have reached a relatively good treatment effect, and the basic hole are disappeared. The experimental results of processing using the improved filtering algorithm are shown in Figure 6 . 
Summary
Based on the depth information obtained by Kinect, and after the analysis of the experimental results, the paper finally proposed an improved filtering method, and analyzed the different template between the experiment results. We can see that the improved filtering algorithm can achieve a better filtering effect. In the course of the study, through the improvement of bilateral filtering and adjusted the parameters, the results of the experiment would constantly optimize.
